Biochemical characterization of the decaprenyl diphosphate synthase of Rhodobacter sphaeroides for coenzyme Q10 production.
Coenzyme Q(10) (CoQ(10)), like other CoQs of various organisms, plays indispensable roles not only in energy generation but also in several other processes required for cells' survival. In this study, a gene encoding for a decaprenyl diphosphate synthase (Rsdds) was cloned from Rhodobacter sphaeroides in Escherichia coli. The in vivo catalytic activity and product specificity of Rsdds were compared with those of a counterpart enzyme from Agrobacterium tumefaciens (Atdds) in E. coli as a heterologous host. In contrast with Atdds, Rsdds showed lower catalytic activity but higher product specificity for CoQ(10) production, as indicated by the amount of CoQ(9) formation. The higher product specificity of Rsdds was also confirmed by utilizing both Rsdds and Atdds for in vitro synthesis of polyprenyl diphosphates. Thin layer chromatography indicated that the Rsdds enzyme resulted in relatively much less solanesyl diphosphate formation. The purified Rsdds catalyzed the addition of isopentenyl diphosphate to dimethyl allyl diphosphate, geranyl diphosphate, omega,E,E-farnesyl diphosphate (FPP), and omega,E,E,E-geranylgeranyl diphosphate as priming substrates. The kinetic parameters of V (max) (pmol/min), K (M) (microM), k (cat) (1/min), and k (cat) /K (M) of the enzyme using FPP as the most appropriate substrate were determined to be 264.6, 13.1, 8.8, and 0.67, respectively.